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PREFACE

The investigation covered in this report was conducted under
authority of the following;

1. Department of Army Project No. 8-75-07-460, "Removal of
CBR Contaminants from Water."

2. Project 50.4, Desert Rock VII and VIII, United States
Continental Army Command.

A copy of Project Card 8-75-o7-46o (formerly 8-75-07-214) is

included as Appendix A.

The period covered by this report is 1 May 1957 to 1 July 1958.

The following personnel were responsible for the acquisition
and presentation of the data:

Test Team:

Harry N. Lowe, Jr., Sanitary Engineer, Project Officer
')on C. Lindsten, General Engineer
Paul B. Pruett, Chemical Engineer
William J. Lacy, Radiochemist
M/Sgt Joseph P. Kennedy, Water Supply Specialist

Branch Chief-

Richard P. Schmitt

Department Chief:

Neil X. Dickinson

Appreciation is extended to the Commanding General, Camp Desert
Rock, for the excellent cooperation received from all cehelons of
the Command in support of the activities under Project 50.4, Desert

Rock VII and VIII.

Important contributions to these experiments were made by Dr.
Richard L. Woodward and Mr. Melvin Crompton, Robert A. Taft Sani-
tary Engineering Center, USPHS, Cincinnati, Ohio; Majoi Thomas R.
Ostrom, MSC, U. S. Army; and Mr. George Goforth, Office of Civil
and Defense Mobilization, Battle Creek, Michigan. Dr. Woodward's
technical counsel was invaluable in the preparation of the p"ciect

plan. Mr. Crompton assisted .- llecting and sizing the contami-
nated samples. Major Ostrom's technical review of the test plan
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anrd labor&a.iy proc-dures on behalf of the U. S. Army Surgeon
General was most helpfl. Mr. Goforth provided valuable support to
the field orerations incl.iding collecting and sizirng contaminated
soil samples.

Appreciation is also extended to Mr. J. C. Ledbetter, Person-

nel Monitoring Section, Health Physics Division, and to Mr. H. A.
Parker, Analytical Chemistry Division, ORNL, for their cooperation
9nd assistance in film badge monitoring and in performing some of

the radiochemical analysis.
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SUMMARY

This report covers field experiments conducted by the Sanitary
Engineering Branch, USAERDL, at Camp Desert Rock. Nevada, to study
the water solubility characteristics of radioactive nuclear bomb
debris and to evaluate a number of procedures for removing such con-
tamiziants from water. These experiments were accomplished on debrib
obtained from shot PRISCILLA under AEC OPERATION PLUMBBOB at the AC
Nevada Test Site during the su .,mer of .957. The project was spon-
sored by the United States Continental Army Command as Project 50.4,
Desert Rock VII and VIII. Additional fiscal support was furnished
by the Office of Civil and Defense Mobilization, Battle Creek,
Michigan.

The more important results of these experiments are summarized
as follows"

a. The radioactive debr4.s resulting from a nuclear detonation
was only sparingly soluble in water. The water soluble component
dissolved quickly, with but limited additional solution taking place
as a result of further agitaticn and contact time. Increasing the
dosage of contaminated soil resulted in a higher concentration of
activity in solution. Leaching the same sample a second time re-
sulted in a solution containing less than one half the activity in
the first leach.

b. The solubility of the radioactive debris increased as the
pH of the solvent was lowered.

c. Filtration through dense filter pads or through bonded
ceramic elements effectively removed suspended radioactive debris
from water. Such filtration followed by demineralization with a
column of mixed bed ion exchange resins removed both suspended and
dissolved contaminants.

d. Coagulation followed by filtration wao effective in remov-
ing suspended contaminants from water but was re.atlively ineffective
in removing the dissolved components of the radioa.tive debris.

e. Lime and lime-soda softening were relatively ineffective
in removing the dissolved components of radioactive debris from
water.

f. Clay was not effective in removing the dizsolved contami-
nants from water although earlier research had indicated that sig-
ificant removals of =.ny radioisotopes can be thus achieved.
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g. Coagulation followed by filtrat:.on f.llowed by deminera-
lization by ion exchange resins removed all of the contaminants,
suspended and dissolved components alike.

The report concludes 'that:

a. Radioactive debris reculting from a normal nuclear detona-
tion is only sparingly soluble in water in the pH range of natural.
surface waters.

b. Where effective clarification procedures are used, only
the dissolved radioactive contaminants will be of imlortance to
those: charged with responsubillty fur the safety of po)table water
oyetems.

c. To accomplish coi.'plete decontamination, nornmal water-
trealt ig (clariicatlon) processes must be supplemented by distilla
,lon, bil exchange, or other processes which renmvc essentially all
dissolved solids from water.

d. The work conducted under Project 50.4 has significantly
extended the knowledge concerning water contamination resulting from
nuclear bomb debris. However, this work and related studies should
be continued and expanded.

S#- "' '".... -- -I-
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SOLUBILITY CHARACTERISTICS OF

RADIOACTIVE BOkh' DEPRIS 1N WAI'R A D

EVALUATION OF SELECTED DECONTAMINATION PROCEDURE

I. INTRODUCTION

1. Backgrouxd and Previous Investigation. The aasigned re-
sponsibilities of the Corps of Engineers in the field, of water sup-
nlv andi san+.a+.in daltttaht anonciel cnvndleratln. be gnlrv to

the contamination problems associated with the use of nuclear weap-
ons. Previour research has been carried out under Department of
Army Proje-tr. 8-75-05-008 and 8-75-07-214; both projects were con-
cerned with the decontamination of water contaminate. with radio-
active substances. Much of the work was accomplished at the Sani-
tary Engineering Branch Test Station at Oak Ridge, Tennessee, where
numerous decontamination studies were made involving a wide assort-
ment of radioisotopes. For many of the experiments, reactor..
produced mixed fission products were used, representing the iost
realistic simulant available for bomb-produced contaminants. The
results of these experiments are covered in the 8-75-07-008 and
8-75-07-214 reports available at the Technical Documents Center,
USAERDL.

Although the results of the experiments and tests at Oak
Ridge have been informative, it has not been possible to evaluate
the results in terms of performance under field conditions. Reactor-
produced fission products are obtained as solile ions dissolved in
nitric acid. The particulate radioactive debris resulting from the
use of nuclear weapons is characterized by different physical, and
possibly chemical, properties. Project 50.4 was initiated to verify
and extend data already collected in the laboratory. In particular,
the objectives of Project 50.4 were to study the solubility charac-
teristics of bomb debris in water and to investigate the effective-
ness of selected decontamination procedures in removing these con-
taminants from water.

II. INVESTIGATION

2. Procedure and Equipment. Project 50.4 was conducted at
Camp Desert Rock, Nevada. This camp is located adjacent to the
United States Atonic Energy Commission Nevada Test Site (see Fig. 1).

All studies conducted under this project were performed
with radioactive debris collected from shot PRISCILLA under AEC
operation PLUMSBOB. Shot PRISCILLA was fired at 0630, 24 June 1957,
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(isap extracted from pamphlet Camp Desert Rock, published by
Headquar~ters Sixth United States Army).

from a suspended balloon on Frenchma~n Flat at the Nevada Test Site.
Prtior to the shot day, colle.cting stations were installed as shown
in Fig. 2. A total of ten stations were used, located in a sector
of 135 degrees. At each station, five aluminum pans were "dug in"
flush with the groud. Each pan measured 30 in.* wide, 30 in. long,
and 3 in. high. Pans holding water were installed at two stations;
two pans wre ins talled at station 3, and one pan was installed at
station 5. A - by h-in. wooden stake, painted yellow, was in-
stalled vercicaliy at each station in order to mark the site. Film
badges were attached to each stake (with tape on the side away from
GZ) to measure the &im ray in.tensity at each location during and
after the detonatio..

"A" ~ ~ ..~pA
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Fig. 2. Collection staoions installed for Project 50.4 for
shot PRISCILLA.
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One and one-* L.f to three hours after the firing of shot
PRISCILLA, a radiolo- .al monitoring survey was made by the Rad-Safe
Office, Camp Des.rt "ck at each of the ten collection stations.
Dtvring the pe'icd '_ to 12 hours after detonation, another radiolog-
ical survey was c .-ducted by project 50.4 personnel at each of the
ten stetions, r' the film badges were removed to be analyzed at the
Oak Ridge Natio. L Laboratory (oRNL) for integrated dose.

Two ays after the shot, t-e fallout was collected from
Lhe pans and was sized and a portion of each sample was shipped to
the Tait Sanitary Engineering Center, Cincinnati, Ohio, for analysis
and study. Sizing was accomplished with a special sub-sieve-sizer
developed at the Taft Ce',ter. By means of this apparatus, samples
of less than 5 microns, 5 to 50 microns, and over 50 microns were
obtained. Results of the work done at the Taft, Center will be re-
ported by United States Public Health Service in a separate report.

Samples of radioactive debris obtained in the vicinity of
ground zero were used for most of the studies under Project 50.4.
These studies were made at a laboratory installation adjacent to
Camp Desert Rock. This installation consisted primarily of a mobile
chemical laboratory and a mobile idiac laboratory (see Fig. 3).

E29 6
Fig. 3. Mobile RUadia Laboratory (on left in rear), Mobile
Chemical Laboratory (on right in rear), and test personnel
(left to right), Lacy, Lowe, Lindsten, Pruett, and M/Sgt
Kennedy.
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All chemical tests and Jar test e:x.eri.ent,; were conducted in the
chemical laborator7, and all counting was c€nducted in the radiac
laboratory. Both laboratories were electrified; power wan furn-
ishedby a iO-KW, gasoline-engine-ariven, electric generator mounted
on a li-ton cargo trailer. Figure 4 shows an interior view of the
chemic&- laboratory, and Fig. 5 s1h-os ar. interior view of the radiac
laboratory. Other swi samples Were .hippod to ORNL for analysis
ac a (,heck on the accuracy of field l,,buratory procedures. A quem.
tiLy of debris was studied at Fort B#.voir to confirm results ob-
tained using the lime-soda process. Film "fm.gqe monitoring was ac-
compllAhed at no cost to this proj,?.t by t ie Health Physics Divi-
sion, ORNL,

The most nignficant piece of equipownt used for the jolu-
bility and decontamination studies of radioactive debris in water
was the Jar test apparatus shown in Fi. 6. By means; of this appa-
ratuu, variouu parameters were studie.L For a aimple water leaching
study, a 1-gallon bottle was used (see Fig. 7). Standard Army 'Water
Purification Unit, Hand-Op.rated, Knapsack -Pack, Filter-Pad-Type i/4
GPM" wau used for certain decontamination experime:=nt involving fil-
tration (see Fig. 8).

A commercially available small filter unit was used in
certain other filtration experiments. This unit termed FILTERPUE
is nznufactured by the American Katadyn Corpration, 8tamrcrd, Con-
necticut. The unit consists ezsentially ol a silver impregnated
ceramic filter candle contained in a suital.e houcing &zud equipped
with a 4and pump for forcing water through the candle (see Fig. 9).

For a number of the ion exchange experiments, a Lamotte
FIlVM-ION unit wns used. This unit consisis of ion exchanwe resins
conjtUir.ed in a plastic shell (see Fig. 10). In other experiments,
ion e.cehange rt-ins were used in plastic tabes assembled in the
laboratory.

All counting was done with a Nucletr Chicago Model 162
scFaler (Serial No. X-50366) and lead shield. A 2.6 mg/c% Geiger-
MULlcr tube was used in the top shelf of the 3hield; the Oeiger-
Muller tube was sensitive to beta enjantion, but quite insensitive
to gamma radiation. During the periA 24 Ju 1957 to 15 S'uly 1957
inclusive, a Tracerlab G4 tube was used having a geout • of 5.6
pvxz-ent, as atandalized with thaiim 204. From 16 jaly J57 to
24 July 1957, inclusive, a Nuelear-Chicago CF tube was ujed with a
geomctry of 3.9 percent. FIture 11 it a photoWgraph of the -counting
equipment used. Results i:xm countiag done at (RU at. later dates
were reported on a 10-percent geomet.-y basis, but were recalculated
on a 5.6- or 3.9-percent geometry besis to permit direct comparison
of data.

ii
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E2925
Fig. 4. Interior view of Mobile Chemical Laboratory used for
Project 50.4.

2E2924
Fig. 5. Inteirtor view of Mobile Radiac Laboratory used for
Project. 50.4.1



7

E2666
Fig. 6. Jar test apparatus used for laboratory-scale wdater
solubility and decontaminatioin atudltri.

E2923
Fig. 7'. One-gallon bottle used for water leaching studies.



E2920

Fig. 8. "Water Purification Unit, Hand-perated, Knapsack-
Pack, Filte-Pad-Type, j GPM used in certain decontamination
studies Involving filtration.

V Iv

E2663
Fig. 9. Katadyn FILTEflPURE filter unit used for removing
suspended material from water contaminated with radioactive
substances.

o.I
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Fig. 10. Luwtte FILTR-I0N? unit used for labora~tory ion ex-
chage exper.mnts.

E2921
Fig. 11.. Counting equipment used for 1roject 50.4. Note
lead shied on left and Nuclear-Chicago acaler In center (HTL
Recti/riter on right used for recording gamma background).
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E2922

Fig. 12. Exploded view of air filtration aunit used to check
laboratory area for alrborne radloactivw prticulates.

16!
E29 7

Fig. 13. *ir filtration unit installed in. louvered shelter. -

- 0-
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As an auxiliary item, an ,ir filtration statiot was in-
sta.led outside one of the barracks in Camp Desert Rock, This unilt,
housed in a louvered shelter, was a Oest Modal AD 44O-3 filter uted
and distributed by the New York Operations Office, AEC. It operates
on llO..volt, 60.-cycle alternating current and is eqaipped with an
electric timer to permit I . iiA on-45 min off operation. The. air

filtration rate is approximately 50 aft. An e41Aoded view of the
unit is shown iu Fig. 12, and the unit installpd in its louvered
shelter is shown In Fig 13.

Precautionary measures were taken by all personnel to
avoid utnec'-ssary exposure to radioactive materials or to radiation

=d1d ionlzrtion-Typ ralld aurvey met~ers
were used to check the Priscilla shot area before entry by any mem-1 ber of the test "team. Protective clothing wao worn by personnel at
all times when collet.'ng boml, Aebris or when entering the area for

g ny other purpose after detonation. Protective clothing conslted
of cloth covprallo and cap, and rubber shoe covers and gloves. Dur..
ing perluds of windy or d'sty weather, each man wore a Mije Safety
Appliance respirator to eliminate the hazard of inhaling radioactive
particulates. Elvib wan carried a self-readin_ 0 to ' roentgen dos-
imoter and a film badge. The r-lf..realing dosimeter enabled each
member of the teot team to determine instaitly his cumulative expo.
sure. Each film badge was collected at the end of the test pp.ind
and submitted to the Desert Rock Rad.Safe Division for determinatior
uf each individual's tota radiation dose.

3. ,, aA5! Th _ riviintlon reading t.i,.,c, ,t cach fallo ut

stat ion by Desert Rock RadoSafe personnel are shown in Table I.

Table I. ldiation Readlugs at Fallout Stations
After Shot Priscilla

(Measured by Desert Rock Rad.Safe Personnel)

station Time Radiation F1lx
(24_June.957) (mrhr).

i 0810 5
2 o84o
3 0847 34
4 0853 2
5 09oo 20
6 090 180
7 0907 1,-
8 010 300
a 0913 75

l0 091T 3

NOTE: Friscilla shot time 0630, 24 June 1957.

ir
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Radiation and other observations taken by Project 50.4
personnel at each fallout station 10 to 12 hours after detonation
of shot PRISCILLA are shown in Tables 1I and III.

Table II. Radiation and Other Observationb
at Fallout Stationf After Shot 1I CILLA

Radi- d ondtion of Station
Sta- Time ation Film 2" x 4"
tiorn (24 June Flux Badges Wood

1957) (rir/hr) Remaining Support Pans

1 1715 0.2 5 Upright, charrud Intact

16,8 15. 4 kroken olf, Intact, filledchar-red .... .. .
Wi IdL LIJ4U L, 'A

uage

3 1735 10. 5 Broken off Intact

174, 0.3 5 Uright, no Intact
charring

180" 14. 1 Upright, charred One pan thrown
10 ft from
s ite

6 lbol 310. 5 Upright, charred Intact

7 12. 370 5 Upri.ght, nharted Intact

S IS 30 5,5. 0 Broken off One pa', thrown
forward

1838 16o. 1 Upright Intact

iC 185f 0. 5 Upright Tnt.kct

NOTE-" Priscilla Shot Time 0630, 24 June 1957

Laboratory Ficale solubility ,And decontamination experiment
data are ohown in Appendix B.

Air filtration datR are shown '.n 'Table IV.
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Table LII. Film Badge Data

Exposure Baiation Flux PISr Bidge* TIlM age-
Time at At Time of Removal S.nsitive Insensitive

Removal of of Film Badge Film Film
Film Badge (r/hr) (-C-muLative mr) (Cumw.ative ,w.)

10 hr 45 mia 0.2 8550 -
10 hr 28 min 0.5 )10000 )20000
11 hr 5 min 20. )10000 )20000
il hr 15 mn 0.3 1810 -
1 Ihr 34 irin 14. )W000 )20000
.1 - 31 min 300. )00000 19700
1 hr 55 min 370. >10000 P2000

12 _Ix 8iv-vv
S12 hr.20 min 0.8 4500

NOTE. Priscilla hot time 0630, 24 June 1957

* Developed and read by personnel of Health Physics Division, CRWL.

Table IV. Air Filtration Data

Filter Filtration Dte R o0tive
Pad Peclod of Count

Number (12)Ana]si (cr/p

1 2300, 22 June - 0700, 23 June 2 July 72
2 0T-7CQ 3 June 0700, 24 june 2 Ju1y 72
3 0700, 24 June - 1935, 25 Jue 2 July 37
4 1935, 25 June - o900, 27 June 2 July 59
5 0900, 27 June - 0800, 12 JtUy 12 July 3760

13 JulY 3437
2115 July 2912

6 08o, 12 July - 08o0, 19 July 19.Tuly 863

NOTE: Shot Schedule During Period 22 June - 19 July 1957:
25 June, 5 July, 15 July, 19 July

Total integrated radiation dosages received by members of
the test team durinzv the entire period of operations are sho.-a In
Table V.

A
I

I.

1F



Table V. Radiation Dose Peceived by Members of Test Team

Name M Dosage

M/Sgt Joseph Kcnned" 265
William J. Lacy 35
Don C. Lindsten 540
Harry N. Lowe, Jr. 370
Paul B. Pruett 175

RADIATION TOLEACES: 3 R in any consecutive 13-week period.
5 R in arY one .

An analysis of the data in the tables and in the Appendix
leads to the following results and observations:

a. Contamination Levels at Sampling Stations. Contami-
nation levels at the ten sampling stations were uniformay low, read-
ings at from H + 1.6 hours to H + 2.8 hours ranging from 2 mr/hr to
300 mr/hr, wtile readings at the same sites at from H + 10.5 hours
to H + 12.5 hours ranged from 0.2 to 450 mr/hr. The higher readings
at the la-t'r tlme were recorded at stations downwind of ground zero.

b. Activity in Size Fractions. The contaminated soil
was separated into three size fractions -- greater than 50 microns,
from 50 to 5 microns, and le!s than 5 wicrons in particle sie' Tt
was found that the fraction 5 to 50 microns contained more activity
per gram than either of the other two frar.tions; the ratio being
pproximately 3 to 2,

C. Solubility as a ' nction of Contact Time. Solubility
of the active component of the radioactive debris was found to vary
only slightly with time of contact at constant rate of agitation and
soil dosage. For example, material in solution after one minute of
contact was 77 percent as great as that ir solutior after one hour.

A Solubility as a Function of Debris Concentration.
voterial : o,,tion Increased with each increase in the anount of
contaminated soil in contact with the water between 100 ppiu and
100,000 ppm debris by -eight. The rate of increase was not, how-
ever, directly proportional to the debris concentration. For exam-
ple, 10,000 ppm of debris produced a solution of 27 c/im/5ml while
100,000 ppm of debris produced a solution nf 120 c/m/5ml.

e. Solubility as a Function of Particle Size. The solu-
bility of the active component of radioactive debris in water varied
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with the particle size of the gross sample. For example, a sample
of debris less than 5 microns in size gave 85 c/m/5ml when agitated
in distilled water; whereas an equal weight of debris In the range
5 to 50 microns gave only 30 c/m/5ml. Since the 5 to 50 microns
fraction contained approximately 1.5 times the contamination in the
less than 5 microns fractiono the solubility of the radioactive com-
ponent of the latter was approximately 4.25 times that of the coarser
fraction. It is recognized that the solubility of any size fraction
is not necessarily dependent upon the size per se, but upon associ-

J ated characteristics such as density and chemical composition.

f. Solubility by Garic- Leaching. Series leaching was
evaluated in experiment 28,A sample of debris was leached with
distilled water. The sup rnatant liquid was decanted, and the re-
suiting sludge was releached with additional di.v;illed water. The
first leach gave 52 c/!5ml, and the second leac gave P1 c/m/5ml.
It may be assumed that additional leaching would have shown even
further diminution in soluble material.

g. Solubility as a Function of pH. The solubility of
the active component of radioactive debris in water as a function
of pH, low pH giving g-bater solubility. For example, in cxperiment
10, debris agitated in distilled = rtc gave 250 c/m/5mi at pH 3.2,
whereas agitation at pH 10.4 gave only '0 c/m/5ml.

h. Solubility in Acid. Hydrochloric acid was found to
be slightly less effective than nitric acid, in dissolving debris
obtained near ground zero. Precipitation of 63 to 68 percent .

the dissolved activity was observed as the pH of the acid solution
was raised from 2.8 to 10.4. This may have been due to the forma-
tion of the insoluble hydroxides of zirconium, niobium. yttrium,
and the rtue earths.

i. Solubility by Quiescent Leaching. The solubility of
the active component of radioactive debris in water by quiescent
leaching is csEentialjly independent of time of standing. Results
of the first 5 days of leaching indicated no significant increase
in dissolved radioactivity after I hour of contact. The daily in-
crease in dissolved =Lterials was apparently Just sufficlei t to
balance the daily loss through decay. Beyond 5 dAys, an apprecia-
ble drop in dissolmd activity was noted, due primarily to radio-
active decay.

J. Preparation of Stock Sup of Contamiiated Water.
The prepara~ion of a stock supply of water for experiments 17
throueh 27 is of interest. 4 total of e08 pounds of soil collected
30 yards northeast of ground zero was vigorously agitated for li
hours with 250 gei±ona of tap water in a 500-gallon tank. The water

- f
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was then settled. Prior to slurrying, the sull was anm,:,"ed for
gross count, giving 13,00 counts per minute per gram. With the
supernatant reading 107 c/m/5.1 (filtered, and at 5.6-percent geom-
etry), a solubility of 1.63 percent was indicated. The supernatant
was Submitted to a radiochemieal wnadyia 2r fflonha late.', when,
with the gross count reading 53 c/m/5ml at 5.6 percent geometryy, the
radioactive component analyzed 43 percent radiocesium, 15 percent
radiostrontium, 24 percent trivalent rare earths, and 18 percent
unidentified isotopes.

k. Removal of Radiocolloids. Unaer favorable conditinns
of D1, a oi ii + ount of th- ontniinat was present in water
as radiocolloids. The colloidL were filterable through a biological
filter only. They were effectively removed by coagulation 4th
ferric chloride and pulverized limestone followed by filtration.

i. Decontamination with Clay. Treatment withi clay was
ineffective in removing dissolved activity from water, Ii experi-
ment 22, for example, it was noted that 500 to 1500 ppm Belvoir clay
removed only 2 to 10 percent of the at.t'i,!j. In thio connection,
it should be noted that the radioactivity was obtained iJn associa-
tion with large amounts of soil. It was not possible, therefore, to
contaminate water with this mixture without, in effect, clay treat-
ing the water at the same time. 7he activity in solution was that
material which was not readily removed by clay.

m. Decontamination by C alation and Filtration. Coagu-
lation and filtration were very effective in removing Lwpended
activity from water, but were relatively ineffective in removing
dissolved activity from water. Recapitulated data on removing dis-
solved activity are shown in the Table VI.

Table VI. Removal of Dissolved Activity
by Coagulation and Filtration

Experi- Contaminated Range of Removal
Water Coagulants of Dissolved

Activity (%)

3 Water in pan, statio B FcCl-CaCO3  16-30
5 ritch water, Firenchman Flat FeCl-CaC0.3  8-36

17,18 Supernatant, debris rixed FeCl3  25-54
with ton water

17 A12 (So0) 3 . 4-25

19 ... . FCl3 Na2 C03  13-h4
.... FbCl3 -CaCO 4-29
21 FeCl3 -Ca(O )2 4-16

----------------------. ....
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n. Decontamination by Filtration Followed by Deminera-
lization. Filtration with "Water Purification Unit, Hand-Operated,
Knapoack-Pack, Filter-Pad-Type, j OW" (Set No. 1), to remove tur-
bidity,, followed by demineralization with ndxed bed ion exchange
materic.1 was an offective method of removing activity from contami-
nated water. A 100percent removal was demonstrated ii& experiment 4o

o. Decontamination by the Process Coagulation-Filtration-
Ion Exchange. Coagulation, filtration, and demirsrhlization by ion
exchange, taking place in that order, was an effective method of re-
moving total activity, suspended and dissolved, from contaminated
water. Table VII summarizes data obtained.

Tahb1 Tr.. . ,t .,at n by the Process
Coagulatlon-Filtration-lon Exchange

Removal
Exper- Contaminated Prooess of Total
iment Water Activity

6 Ditch water, Coagulation 100
Frenchman Flat Filtration

Mixed bed ion exchange

23 Supernatant, debris Coagulation 25
mixed with tap water Filtration

Coagulation, 58
Filtration,
CatlotA ion exchange

Coagu ation 93
Filtration,
Anion ion exchange

Coagulation 100
Filtration

Mixed bed ion exchange

Coagulation, 100
Fil'trat ion,

Cation ion exchange
mid ani.on ion exchange
in series
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p. Decontamination by Softening Softening was relative-
ly ineffective in remuvin dissolved activity from water, as shown
by the composite results in Table VIII.

Table VIII, Decontamination ry Softening

Range of
Expert. Contaminated Softening Removal of

ment Water Ohemicals Dissolved
&~tlvitv A )

24 Supernatant, debris Ca(OH)2-Na2CO3  20-43
mixfd with tap water

J0 !upernatant, debris Ca(OH) 2 .Na2CO 3  25.31
.ixed with Onenandoah

River Water

q. Deeontamlnation with Adsorbent Mnterialo. During the
past several years, nerous materials were screened for their abil
ity to retu'vm radtunuclidvs from water. A number of these w:re
test,:d in this series of experimentv using contaminated tap water.
The procedure in each cas was to slurry the material in the settled
water anrd then to filter the water through a paper tuwel. ReuLts
w-r ., au stown 3n Table iX

Table IX. Decontamination with Adcoroent Nateriads

Adsorbent Activity Removed
Maternj a

Steel wool 0
Toilet tissue ,2
White pin. saw duet 9
Oak uEw dust 1
Coffee grounds 35
Red soil (high in iron) 43

III. DISCUSSION

4. General.. The work reported herein was devoted to a study
of bomb debris from only one test shot in a series of tests at the
Nevada Test Site. The number of samples collected and the studies
co'id,).-td consumed the max.mu:m effort of available personnel. withir
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established funding limitations. Essential to the expans).on of the
originally proposed military research program was the fiscal support
provided ty the Cfi.ce of Civil and Defense M1obiiization, Battle
Creek, Michigan.

Tno nanned work was accomplished, and schedules were
maint~i.npi in all cases except where 4elays were encountered due to
veathcr or necesa:y security and/or safety requirements. No sig-
nificant difficulty was expei ienced in the ure of Damn Desert Rock
as a laboratory site. Arsangements permitting more ready accesu to
Camp Mercury would have been helpful. The program -was penalized by
the generally low level of contamination resulting from shot
PISCILLA and by the unusually large amount of dust in the test area.
Due to t.his dust, it was not possible to collect radioactive debris.
except In association with laige amounts of soil. The low levels of
4 gt-aiatn -ral lywad the laboratorv work and madt! it ir-

practical to accomplish significant radiochemical analyses in some
inctances However, in spite of the difficulties; this study has
signIficantly extended the knowledre concerning water contamination
resulting from nucIear bomb debris

qb'oughout this study and this report, reference has been
made to bomb debris rather than to fallout. The radioactivity in
proximity to ground zero ic a composite of mixed fission productB
and "radioactive junk" consisting of soil and parts of structures
in the target area that wor- inside the zone of zignificant neutrun
radiation Much of this malerial is in the form of relatively large
particl that retu'n to earth rather quickly. Some fission prod-
icts ure not ismnedlately fomed in the bomb burst and may be found
LiW4s. s....- A1&&JA ii th "Sih lcvcl cloul than in the it .rea
of the target in addition, fallout at consider be distanue from
a target area may occur only days or weeks after a detonation and
will contain a higi,.r percentage of long lived materials than that
found c.)ose to gr iud zero shortly after H-hour Particularly ;ith
regard to water solubility, the data presented herein should be
evaluated in termc of radioactive debri c rather than fallout, al-
though f'rthor study may demonstrate that the difference ii practi-.
cal terms may not be largo

5. Water-Treating Processes. A number of the experiments
performed under this project were intenied murrrely to demonstrate in
the fleld certain water-treating processes that bad been studied at
length in the laborator,. Among these were chemical coagulation
followed by filtration end ,-mineraltzation using ion exchange
resins, The performance achieved on bomb debris was in general
agreoment with the expected results.



N

20

By coagulation and filtration, one may reasonably expect
to remove essentially all suspended matter from water. Thin not
owly applies to radioactive materials but to suspended soil parti-,
cles, precipitated chemicals, and most bacteria as well. Removal
of essentially all suspended matter is routinely accomplished in
many water plants. In several of the experiments reported herein,
it was noted that radioactive colloids e.isted under favorable pH
conditions. This, too, is not a new experience in water treatment:
P. slm4 lrsr prc...m exists frequently with the handling of high tur-
bidity waters in regions containing clays. It should not be as-
sumed, however, that all suspended radioactive materials would be
removed by normal operation of any given municipal water treatment
plant. Unfortunately, many plants in this country do not produce a
polished effbeue t i iuch plants can be made to produce water
of' high rlarltv 1)v ol'ngeso In operat 1 - -rAl by.~ Imroe 4-..nA

-a Z_--, -- ~ .~ -' .. ^A

control. The results of this study emphasize tie importance of re-
moving all suspended matter in treating contaminated water since the
majority of the contaminant remained in suspension; less than 2 per-
cent appearel in so!utiou.

The remov.l of all mearurable amounts of dissolved (ionic)
radioactivity by ion exchange resin6 was expected. The capabilities
of ion exchange resins are well doniurk-nted and have been pruvel in
wide use in AFC activities and elsewhere. The effectiveness of any
demineralization proceus in removing dicsolved radionuclide from
water is genera-ly proportional to the overall removal of dissolved
solids. Not deiionstrated in this test is -that significant removal
of radionuclide!i can be achieved under favorable conditions after
thr; re in capac.Ly Lu i'eiwved calcium salts has been exceeded.

6. 2 xper:mer.tal Data. The data collected under this project
aru essentially the only technical. guidance now available concerning
the water solub;.llty of bomb dcbris%. It wouLd be deiirable if t'ieb
data prespnted i. complete picture of what one may expect in time of
war, under all (onditions of weapon types, methods of employment,
weather, topogru.phy end geology. Such is not the care. This otudy
must oe considered ao only ne step toward the desired. understanding
uf waler contamination to be expected in a nuclear war. On the
other hand, iL s essentially that available information be evalu.-
ated and used c3ncurrently with efforts to extend basic knowledge
and understanding. For this reason, it appears desirable to supple-
ment this discussion by referring to the laboratory results reported
under Department of Army Prolect 8.75-07-214 and to the very limited
experience resulting from field work under AFSWP Project Jangle 6.8
(1951.) The sum of all this experience is not large; for this reasun,
a number of the conclusions advanced later in this discussion snould
be considered only as tentative, requirlig review and revision as
new data become -nvailabla. It is considered quite probable that some
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of the data resulting from this study will take on new significance
and importance when supplemented by future work tht4 provides enough
additional data to establish a firmer basis for interpretation. Of
importance also is the fact that the skill of the test team and the
choice of laboratory proceduses improved during this study period.
This had no significant effect on the overall findings, but it is
felt that in this study opportunity has been provided to work out
procedures that will be valuable in guiding and reducing the cost
of Puture work. For example, in this study suspended matter -was
removed by a centrifuge, Whatman 54 and Whatman 42 filter paper and
by a membrane filter disk. In each case, the goal was to separate
suspended radioactivity from that in solution within the limits of
a definition meaningful to the study at hand. Satisfactory repro-
ducible results were more readily achieved with the membrane filter,
and this should become the standard procedure in future work.

It does not appear practical to attempt to estimate the
maximum ground contaeination to be expected during a nuclear war.
Even a low yield weapon detonated on or immediately under the sur-
face of the ground may result in very heavy contamination in the
immediate area of the target. On the other hand., kiloton range
atomic weapons detonabed at heights exceeding the fire ball radius
do not heavily contaminate the target area. So-called "dirty" weap-
ons in the megaton range have the capability of heavily contaminating
large areas. The important feature is that experience demonstrates
that while the magnitude of ground contamination may vary over a
wide range, the use of tactical or strategic nuclear weapons against
surfa.'- irgctz !-!1!2 resultin measurable contamination of the

ground in the target areas.

The radiation readings at the collecting stations are
shown in Table I. The radiation flux at these stations was not highi
and would have permitted personnel to work in these areas fcr ex-
tended periods under emergency conditions. The film badge data and
other observations listed in Tables II and III point up the signifi-
cance of prompt radiation, thermal radiation, and blast effects as
opposed to the residual radiation at these stations subsequent to
the shot and the die-out of the fire ball.

a. Experiment 2. Experiment 3 was the first experience
with the large volume of dust that was displaced by the blast and
which indirectly contributed to the failure to develop data of value
in this experiment. The very limited amount of sample prevented a
repeat of the experiment. In recovering the sample, all of the d.!rt
in the collecting pan -es recovered along with the water. This re-
suilted in a sample so turbid that clarification of it by single-ctep
coagulation was not effective. Subsequent observations indicated
that a significant amount of the solids was colloidal in size and
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would not settle out even after long standing. It was estimated
that the dirt collected with the water sample was not less than 25
percent by weight. Since no effective flocculation was achieved and
the suspended solids were not effectively removed at Aoy point in
the experiment, the data are of no significance. To permit comple-.
tion of the calculattions, the removal of turbidity is ohown as 100
pcrcent (assumed) notwithptanding the above-noted fact that nothing

approaching this was actually achieved. Observations made during
this initial period demonstrated conclusively that the general. level
of contiunination in the areas of the collecting pans was su low that
little effer!tlve vork could be performed with so little radioactiv..
ity and no much associated dirt, High winds in the scveral days Im-
mediately foJlow.ng the shot added to tbe accumulation of dust in
Uhe arcs.

b. 4. Experiment 4 wa8 an attempt to obtain

at. Leaut on, e ..,t of data uscng contaminants ficam the collecting pans,
The data an- considered rignlficant. The raw water wan filtered
through a standard Corps of Engineers Water Purification Set No. 1
filter pad. Radioactivity pansing this filter can be assumed tc, be
in solution, TDe amno.nt pasuing was approximately 3.25 n Prcent, a
figure, consistent with 1ator findings using boil from very near
ground zero. In this experiment using raw uuter of moderate tuwrbJd-
ity, cffectiv, cua+LaLivn was achieved. The activity was reduced
f2 percent by coagulation and settling, This in not a surprising
perfoianance in light of findingc in other prior research The Indi-
cated removal afte-r centrifuging war higher than anticipated. As.,
onuming that Ihs- &'. !vd a+tv+y ;az 7 C/,/ I a l that all of
the suspended solids were'removed, the residual of U.8 c/m/5 ml in-
di-ates removal of the disoulVed activity by coagulation of 88.5
percent. The radiochemacal data indicated a gross beto reduction
of f percent aad relatively high p~r 4-a.es of radiu;ac.ium and
radioctrontium. The levels of radioactivity in the treated water
samples were So low Lhroughout these experiments that the radiochem-
ical data must be '- auated with extrenw caution Rad~ostrontium
contributed 20 percent of the beta activity in the raw water and
slightly more than 6 percent in the filtrate (dissolved).

c. 8xperrnents 5 throu!h 7. To obtain mie zig!1ficant
leve.s of contaminat;.on, it waii necessary at this point to abandon
the collecting sites and to use soil from near ground zero. Due to
security restrictions, collection of this material was delayed seoy.
eral days in the interim, attention was given to a totally unex°.
pected source of contaminated water a water.-filled ditch on the
otherwise dry lake bed located approximately l25 yards NE of GZ.
This water was the remaining portion of the spring run-off and it,
too, later evaporated, A check made before the test shot showed a
gross count of 12 c/m/5 ml. This water was exceptionally clear, and
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all or most of this activity was in solution. Although no radio-
chemical analysis was %,de, It can be; assumed that the activity
present consisted largely of radiostrontium, radiocelum, and other
lone lived isotopes in that this contamination could not have come
from other than uhots fired in previous series months or even years
earlier This was recognized as an interesting nource, and the
study was continued after shot PRISCILLA. Experiments 5, 6, and 7
were conducted using thl ditch water; in Experiment 7, the work
was 'accomplischd in the field. Tte important fmgt,,vur of these ex.,
perl.ences can be nuraarized as follows:

(I) A ,urface water supply in a foraur target area
contained measurable contamination (112 c/m/5 ml), and _aimost
all of' this activity can be reasonsbly *snoimed to he in solution.

(2) lhi,. qne zou~ce was not grossly contaminated by
c-hot }RI'IT UA, although it was :rlatively close to OZ. The
tu-tivity count was raised from the pre-shot level of 12 c/M/5
mri to 25 c/m/5 ml one week after the shot, and the latter
figure includod soan filteraule uontaminant. eductionr by
coagulz.tlon and filtration' ranged from 8 to 57.ptrcent. The
addid 1on of local clay to the watrpr did not improve thu
rriova] 'i.

(3) Complete removalu 1-'re achieved by ion exctN'\ge
dealI ncr.-a izzAt it

()i) Pai4,j rpnmre4 fre:mr 15t; ? - -a~nt  rn-f

the reoldual aotivity after treatment. Thi., lant-noted finding
may be significant and shall be considered at some length later
In this discussion

d. Exprintits 8 andQ. Experimentc 8 and 9 were devoted
to a study of thr-. c:ffects of agitation on solubility in tap water and
in distilled wAter For periods longer than 5 minutes,'no si4gffi-
cant increase in the dissolved components was demonstrated with "e-
spect to either time or the choice between tap water and distilled
water. Of the radioactivity in solution, the chemical analysis re..
ported in Experiment 9 showed 28 percent as radiostrontitun and only
2 percent as radlocesium

e. Experiment i0. in Experiment 10, the data suggest
that pH over normal ranges has only limited effect on the amount of
contaminant going into solution. As might be untIlpci.p+. noibil-
ity Increased significantly as the p was lowered sufficiently to
remove the MO alkalinity. The radiochemica data showed dissolved
radiostrontium increased with pH while the trivalent rare earths
decreased as the p11 was lowered.

I

%I
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f Ex eriments 11 and 12. An increase in dissolved
activity with each increase in the concentration of the contaminated
soil was expected as demonstrated in Experiment 11. it should be
noted, however, that the increase in activity was not directly pro-
portional to the aoil concentration. A tent to evaluate water leah-.
ing produced the results shown in Experiment 12. These data suggest
that water in contact with contaminated soil (as in a pond) may
reach its maximum load of contaminant in solution in a relatively
short time and that this w1ll not incr.: ae with time of con t act.
Results after 48 and 72 hours of leaching indicate that there was
very little radioactivity in suspension in the supernatant. It i,
felt that this emphasizes that settle(i water such as might occur in
reservoirs will not normally contain much suspeid,-d contaminant
after several days of settling and that field survey realtngs of low
turbidity waters may be asswntd to represent dissolved materials.
This assumption would be weakened by the presence of colloidal size
particles or small amounts of turbidity kept in suspension by wave
action or other factora prcventlrg normal settling, In the case of
fallout consistir of o,4; very Pine particlts, question might be
raised as to whether such particleb will settle at all within prac-
tical te-rms.

7. Ceneral Results and Findings. The importance of the work
done in Experiment 13 has little bearing on field water suplply prob-
lems. It wa. performed to provide additional information on which
to evaluate ijarlier work by these authors and others usil6 reactor-
pruduced fiss ion products. Some of this earlier work was done a
number of ye'krs ago under Department of Army Projects 8-75-.O7.-.214
and 8 75.-05-.:, 8 at CENL. I these experiments, fission products
aissolved in acids were aade to tanks or tap water or local creek
water to provide a contaminated supply. In the absence of observa-
tions to the, contrary, it was assumed that the radionuclides remained
in solution in the contaminated water supply. Results achieved using
chemical ?cz-f1fants, lime softening, and phcsphates were reported in
terms of removal o1' contaminants from solution. Study of these data
revealed two trends considered to warrant additional thought aid
ine rpretation;

Pnrfnrumace of coagulants was erratic with low dosages of

coagulants frequently giving better results than higher dosages.
Coagulation with alum ud with ferric chloride sometimes produced
better resu2ts when une4 with added -alkalinity than when used alone
even then the dosage of the coagulant was the sam and adequate
natural alkalinity was available for completion of the chemical pre,-
cipitation of a good floe.

Removals by lime ox lime soda softening processes were not
directly proportional to softening achieved, occasional good removals
being reported when little or no softening was accomplished.
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iarr results suggested that the activity in the initial
acid Fnluticr 4ght have been precipitated in part after it was put
in th, highei H environment of the raw water and that the removals
achieved werk more related to pH than to the flocculation achieved
n the several processes. The reiu2te shown in Exneriment 13 tand

to support this explanation. for ex&xple, under the conditions of
the experiment using hydrochloric acid and sodium hydroxide an ap-
parent removal of more than 50 percent waz achieved by raising the
pH of the raw water from 6.2 to 10.5. This entire matter is more
indicative of oversight during prevlouL i'esearches than any new
knowledge. Considering the very limited amioint of research done
thus far on water decontamination, it is posdible that there may be
areas of previous work that deserve further titudy or reappraisal.
The unusually high removal of activity from certain test waters by
f-iltration with Corps of Finglneers W4atmr Filtration Seat. I -- I

thus be explained. The practical, importance of pH control in water
decontamination from bomb debris may not be great since the effects
of pH shown in Experiment 10 were not truly significant until the
pH was depressed below 6.0. An example of decontaminatlon by mech.-
anisms cther than softening is ihown in Experiment 16. In this ex-
periment, some precipitati,.*n resulted from the addition of lme but
no softening was achieved. This water was high in noncarbonate
hardness amd was from the same diiA'ch supply used in Experiments 5,
6, and 7. Note that 1e count Pad increased from 25 c/m/5 ml to
56 c/m/5 ml This warn due to concentration by evapuration. It is
interesting tc compare results achieved in Experiment 16 in which
no softening was acoomplished with Lhe reults of Experiment 30 in
which softening was achieved.

Experiments 17 through 30 were devoted to tests of a num..
ber of water.-t'eating processes to develop data for comparison with
results obtained earlier on reactor-produced fission products in the
laboratory, Of interest Is the solub:'lity of the contaminant re.-

ported in Experiment 17. The dissolved fraction was 1.63 percept of
the total radioactivity in the soil sample. This soil sample was
obtained 30 yards from ground zero. Using a diffevent technique,
Robeck, Woodward, and Muschler 1 foud , the solubility of the contani..
nants in this soil to be approximately 10 percent. As noted earlier,
the solubility of tne contaminantn collected at Station 9 wai approx,
inite]y 3.25 perct-it. No rational explamation is available . - the
wide range of indicated solubilities that have bcen reported in var-
ious studies, except when the soil and contaminants are fused as Ln
the case ofl a low4 level or sur-face datonation Th ta!a ::howi
the data from these enw-ri.ments (17 thro uh 30) will be of interest

1. Robeck, G. G., Woodward, R. L. and Muschler, W. K., A research
Report on U. S. A. F. ProJect #7801, Robert Taft San Engrg
Center, May 1958.
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to other investigators, but they offer little need of further d.8-
cussion at this time, In general, the results are consistent with
earlier findings in the laboratory including the unexplained teni-
ency for results to vary widely even under c.arfully controlled
test conditions.

The measurement of' rdiostrontium levels in the soil and
ln the water samples was a source of much concern and irritation
throughout this study. The magnitude of the levels reported appears
high by at least an order of magnitude. The Nevada Teat Site soil
is high in calcium content, and other investigators have also re-
por'ted considerable trouble in measurement of radiostrontium levels
as low ft9 those encoutered in these experiments. In work at the
Robert A Taft Sanitary Enineerina Conter 2  it -an fo,,nd .. at

strontium is preferentially dissolred by a factor of approximately
5. Although the experimezt reported herein do not support direct
comparison of findings,, the consistently high radiostrontia 1u-vels
as compared wfth radiocesium and the trivalent rare earths strongly
suggest that radiostrontium was preferentially diss#olved by a sig..
nificant fatcr during t.huu tests. A factor of 5 or even 50 would
riot be large in terms of -lztzz e quawjties of strontium in so.u.-
tion, but fractic..nttion must be considered in evaluating tolerances
for emergency water supplies, these being usually based on the gross
level of contaminatiuon rather than on te amount of each radioisotope
present.

In order to reduce to usible term the findings of this and
other prior stuire, what can bp ex-,;,.ted on the mtomic bttlcfield
or at the site wf a strategic target should be considered. It has
been determined that nuciear weapons will contaainate the soil, the
magnitude and extent of the conta,.L:atioii varying widely with the
size and tyme of weaponan and the methods of employment. Hain water
falling on a contaminated area will become contaainated. In this
study, It was demn6:zrated that a large portion ,f the radionuclides
that are water soluble will go into solution relatively rapidly.

This sug,,ts that a large percentage of the soluble material will
be carried off in the first heavy ra.nfall (or at least in the first
several heavy rainfalls). Of the total radioactivity reaching sur-
face drainage systems in normal runoff, a small fraction will be
dissolved in the water; the larger fraction being present as sus-
pended solids. Much of the suspended contaminant will be associated
with ciay and other materials. Some of the contaminant may exist in
colloidal form Where effective clarification equipment and proce-
durues are available, this sn.spended material should not present a
significant problem In conventional surface water -treating plwits.,
emphaosis must be placed on effluent clarity. Control over chemical

c!. Ibid.

,o o.
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coagulaticn, filter rates, and filter backwash cycles to meet a
maximum efiluen turbidity standard of 0.5 units would seem to be a
reasonable and attainable goal. The presenae of radioactive eon-
taminants 4n surface waters will restrict the use of so-called
emergency vater treatment including the use of the Lister Bag. It
is encouraging to note that the Water P1urification Equipment, Knap-

* sack Pack, 1/4 GPM, designed for squad use, is capable or removing
essentially all suspended matter from water. Also of interest is.
the dc.monstratlun included in this project that ion exchange resins
can 1e used by untrained personnel to decontaminate small quantities
of water. The project officer is currently developing a device de..
signed to treat and decontaminate water in quantities adequate to
xtrve small fullout shelters.

In field water sup:nlies produwed from surface sourczes by
the Corps of Engineers, the problem will be limited to the fraztion
of the contaminants in solution. The maximuw amunt of dissolved
radioactivity to be mxperienced under combat conditions cannot be
calculattd 1rom existing oAta. Of great importance is the field
mobility of engineer water cupply equipment which givec a wide
range of choice with respect to eources. Pe contaminants of sani-
tary importance are, for the most port Sr , C81 37 and Hu1 0 .
Radioactive iodine, Ce1 l , w'd Ba 1 0 may be of importance in
some Inotances. Under the con .Ions of 'his study, from 1.63 to
3.25 percent of thc contaminant in the soil was dissolved in the
water. Unclassified data resulting from earlier work by USAERDL,
under A SW Project Jangle 6,8, showed that e1'- than 0,1 p4 r !ent ofthv u ¢ iiiaut woas readily di~olvcd in wster. In this instance.,
the b( °n debris included considerable fused soil components and was
rcovu red from near ground zero of a surfaes shot. The level of
A-adiation at te site w above 150 R/hr at the tkw of the recovery
and the experiment, In this instance, the contaminant was slurried
in water and allowed to settle for a short period. The total radlo.
activity in the supernatant was approximately 0,5 percent of the
total in the soil sample. Of this amount, 15.5 percent was dis-solved. For estima+ing, it appears conservative to assume that 10

percent of the contaminant in the soil will be water soluble. Sines
the fraction in solution in a given sample is not directly related
to the amount in suspension, it viiL no.t be possible to measu the
total contamination in a turbid sample and estimate the Pxaction in
-lution. Water reconnaissance must pr3vide for filt-ering a s..e
t .p..l.. meaeurement or t' i dissolveci contwuiaant level.

The med;ical importance of the dissolved contaminant must
be evaluated in tenus of the characteristics of tie radionuclides
present, length of tiae the water must be used, and acceptable lim-
its of human tolerances. It is to be emphasized that tolerances
used in time of war must take Into consideration the factor of

i I | |kl I |
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military necessity, and these tolerances will be higher than what
is acceptable in peacetime civilian or military practice. Based an
the available limited. data, it does not appear that the dissolved
rioactivity to be encountered under average battlefield uonditions
will exceed an acceptable level to be tolerated by combat troops
voider conditions of mobile operations offering opportunity for lim-
iting the period of use of cont.minated water. If this is tz-ue, the
essential protection will be provided by removing all of the su3-
pendea contaminants. Thi6 is readily ae,',,!-! shed by routine opera-.
tion of standard Corps of &ugineers field water supply equipment.
To meet the special situation, resort must be made to distilletIon,
Ion exchange, and other proceises which remove all of the dissolved
solids in the water.

Cont-mlnated rain water entering the soil will normally
come in contact with very large amounts of clay and other materials
having. some ion exchange or adsorptive capaclty. Suspended materi-
s] s are rc'dinurily filtered out as the water passes downward to the
water t .ole. It seems, therefore, that the probability uf gross
contla .nation of ground wster is not great. For emergency planning,
it seems reasonable to assume that ground water obtained from

drilled and cased welis will not quickly become contaminated by
eitliqr suspended or dissolved radionuclides even in areas of very
heavy surface contamination. This offers a unique solution to the
water supply problem of deep shelters since wells can be developed
within the confines of the shelter, eliminating all requirements for
above-ground facilities or underground storage tanks. Ground water
from deep wells should be considered as the primary solution wherever
poLbitle. This applies even wnen The avallable ground water supply
is Oo limited that contaminated surface water must be used for all
other purposes except drinking and cooking. This suggests that a
natlunuwide survey of existing wells and plans for their use in an
emergency would be a productive program for those responsible for
the civil defense.

This is not to infer that ground water will be immune tu
contamination. The literature is essentially silent in this regard,
but recent studies on the transport of syndets and other domestic
and industrial waste products by ground water strongly suggest that
ground water would, in time, bear its proportionate burden of the
contaminants falling out on the ground surface. Abain, the problem
would be that fraction that is water soiuble.

ly preceding are based on limited data and are not confined to the
results &:leved during this study. While they prov.de dn interim
basis for planning, need exists for continuing effort to expand the
data and to permit reevaluation of the assumptions made. It is clear,

-r .,

I. .%
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therefore, that water aolubility and related studies must be con-
tinued. Work done umder Project 50.4 suggests that further vclz can
be achieved in the contaminant areas of the Nevada Test Site without
any direct relationship to weapons testing pror a. Siueb stties
should provide for tests using soils other then that indigenous V:
the Nevada Test Site and test procedures more clonely approximating
the action of rainfall on contaminated soil. A realistic program
should include some basic work leading to a better understanding of
ground water contamination. In addition to the Nevada Test Site,
facilities exist at OHNL and at USAEDL for the conduct and/or sup..
port of sh studies. Further developwnt of laboratory proedurps
tailored to meet the requiremente of water analysis is also idicated.

The Dotential problem of ainha -ontnm-1 mt on of u -+.r i
not discussed elsewhere. Unfissioned bomb material or reactor fuels
could be of importance, particularly in the event of accidents.
Tolerance of these contaminants is extremely low. Review of the
technical literature shows that little I known concerning these
materials as water contaminants. In vit-w of the dearth of data ant.
the ever p:*sent poBsibility of a containating accident even in
Weacetime, this problem demands early attention. Facilities for

conducting the laboratory portion of such studies exist at the Am
Installation at LosAlamos, New Mexico; a. series of experilments
evaluating Corp8 uf Engineers water supply equipment and processes
for removing the plutonium ion from water is scheduled for February-
MrchoApril 1959.

The condupt of work mder Proje-+ i r50 by the USAEFML vith
the support and cooperatj.on of the United States Continental Army
Command, the Robert A. Taft Sanitary Engineering Center, HEW; ORNL,
AC ; and the Office of Civil and Defense Mobilization points the way
for aditionl1 productve work in thic technical are a. All necuur

4coordinatiou was accomplished by the Projec:t Officer under authority
granted by the Director, USAEDL. tirect technical liaison was main-
tained between the interested agencies, and each contributed aupport

c%6 avaiiuble and shared :Ln the results achieved. In view of the
broad Interest existing in the general problem area of radioactive

Cont=zTnff-!on" the. releti'ely co."~ 't 1uit j this area,
8!sA the ever present need for economy of operations in the Federal
Qo,. rament, this pattern of research oferations appears to deserve
continuing consideration.

IV. FINDINGS

9. udr. It was fouud that:

I
I

.r
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A. The radl1oactive do)-'1s resulting from a nuclear deto-
naticn was only speringly soluble in water. The water soluble com-
ponent dissolved quickly, with but limite. aa4itional solution tak.
ing placo an a venault of further agitation and contact ime n-
creasing the dosage of contaminated soil resulted in a higher con-
centration of activity in solution. Leacbina the same sample a
econd time reaulted In a 6olullion containisig less than onm half

the activity Ln the first leach.

b. The soluility of the radioactive debris increased

as the pH of the solvent was lowered,

C. viltiat'-! through dense filter padu r .through bond-
ed l enn.wnt_ effecttveiy re_-.ved ruap::.d ---ctive d.cbriL
from water. Such filtration followed by demineralizatlo., with a
culwua of mixed bed ior, exchange resins removed both suspended aud
dissolved contamir:antL.

d. Coaguatton followed by filtration was effective in
removing suspend"d ';ontaminanto from water but was relatively inef-
fective in removing the dssolved components Df the radioactive
debris.

e. Lime and lime-soda softening were relatively ricffec..
tive in removing the disuol,ed components of radioactive deorls from
water

f. CJy wa.z not Pffe-ctive in removing the dioaulvea ,on-
taminant fiycm water although earlier research had Ladicate1 that
significant removalu of many radioiotopes can be thus achieved

g, Ccagulation folloved by f .ltrazon followed by Oe"-
mineralization by ion exchange revins removed all of the contami-
nants, buvspw, eI and dissolved comqbonents alike.

V. CONCLUSIONS

10, Conclusions The report concludes that:

a. Radiouctive debri s resulting from a normal nuclear
detonation ii. only sparingly soluble in water ir, the pH range of
natural surface waters.

b. Where effective clariflcation procedures are used,

only the dissolved radioactive contaminants will be of importance
to those charged with responsibility for the safety of potable
water systems.

...... ..... .-.... | m; ...
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c. To accompliah complete decontamination, normal water-
t1reating (clarification) processes must be supplemented by distilla-
tion, ion exchange, or other processec which remove essentially all
dissolved solids from water.

d. The work conducted under Project 50.4 has sigiifi-
c~ntly extended the knuuledgi ccacerning water contamination result..
ing from nuclear bomb debris. However, this work and related studies
should be continued and expanded.
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APP -D!X A

AUTHOR ITY

SubproJect of project 8-75-07-200

R& o PaOIscJ CARD PROGRp 1 ZL SYMBOL

" S.oj|cy TUti a. IfCuRITY o o.0JIC . 20Jo CT No.

REMOVAL OF CBR CONTAMINANTS FRt WATER U 8-75-07-214

31 Dee IQ 7

6. BASIC FIELO ON SuSJC~t ~7. SUB* FIKLO 00 IIIS)CC? SUB SEOIIP MA TICH. 06J.

Water Development, Techniques &
Water Supply Distrib-+ ton 60-9

.. C04 Z*U lS A'.-CY 1 WO.TRAC . AND OI LASO.AYOI CORTACT/W. O. NO,

C of E I Engr Res & Dev Lab
. DIECT N4 ,, 5,c, Infilco, Inc. DA-44-OO9eng-2903
Engr Rec & Dev Div, TO, OCE
#0. M @Ut I SINSr A490C"

OCE

It, PAISCIPAIOK AAS/OG COOGOIATIOS 1i. RECLATED POI3J S 17. EST. CONftLhow RATE1

Chemical Corps (P) (Facilities) ago. ContuN g
(Technical Personnel) DEW.

S(Equipment) T9"
(P roject No. 4-75-05-001) OP. &VAL.}

(Proieci1o. FT.~bG~~ FISCAL ITINA93

Dec 57. by SU5A
- .- 1- JD PIIOIIT? I , - - -kTI~l

IS. *GfLtag FQOJ4C CA*S ABD POZC? IAT 1I t
Supersedes Project Card dated 31 Dec 55.
Downgraded Unclassified by CETC 2240/275.

0 SRloAe 909 ll A*/** JVIFKAUO

There is a roquireaent for determination of the effectiveness of Army field water
purification equipment and processes nw. ctxl i AM under development for
removing chemical, biological, and radioactive agents from water to be used for
drinking and other purposes. This rcquirement has been established by the threat
of new and more efficient agents and wespons of war.

(1) Objective:
(a) Determination of the capabilities and limitations of Army fieldwotter supply equipmor- and water treatment processes now standard

or under development with respect to purifying water containing
i hemical, biological, and rd~oactivs contaminants, as determined

by the Chemical Corps and other .gencies.

(b) Establishment, where recenear'y, of new water treatment techniques,
on the basis of coordinated inforratioz, Crom Chemical Corps, for

the remavel of these contaminants from water.

ItA' I oI s* C. "

ID 613
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RIiMtOAL OF C8.4 CCNTAMD1IANT:TI FRCH WATL.- .eoD ATI

7ilnck 21A conjtinued
(.2) Hilitary Characteristics:

There are no military charmeteriditics applicable to t00a projeet.
Shoyuld design changps In equlpintrt be requ~rc4J, the work will be

h. Ap~ roacil:
MI The -tukiies and tests to be cionducted undar tliL. jjrnJec~t with resipect to

radioactiv" contamirnantn will be accompl'.'ahed under arr n#ementat already
existing between the Corpo nf ?Mgincra, the Chomica 1 Corpe. mild the
Atomic EneryC rh tjlo6 i-, o-ruwctit with oupicr.c~co project
8-75-05-001. Ativitlen In thino field w.1.1 bo v-vlucied by the Cnrp4. of
"nifieers cietschmrnt at 01 04, Oak R14pp~, T'kn-~ee. AllI c~rt,'ntu

vill be ptocurtd rrom olit, crnd technire~ Pivifitez'%, or OHNL apecialitst
Vill tie obtained when riecesisary.

(2) Thla projteet will be condmwted o~n ful I sf, ileld serviceabli, equIP~M0t,
Tho OR1NL representative equipment mild pnoceamla will be evaluated using
both meixed fission prdut'. a ,a prtantial Md contaminants. To reduce
the possibility of errors and to dm-lnaMtrate aosc'alted problawa, dosage,
of contsolrants tid will lt. the largest. doaagva expected urder combat
coinditions. 13would 'the date Sho7w "ht therne dosages cant be offvc..
tively handled, thei, the limit. or e'frectivenevo or the .equiaimt or
procetnen will be eutabliahed. The same gearteral concept will apply to
the attlov of cbczuli:&i and ,ioliogical agents. In the It" of Miole)-
glual areots, the potential hazard Involved dietat*a that mimulAted
agents ( nn-pthcg~nlc orgaristes) be umed In many tesas

(01 All atudiea and teotB to be conducted using biJological and cheftical
contaminants will be carefully coordinated tnid sccmpliahad wi1th the
partizipation of the Chemical Corpir. All rnnt#&m4Tnt-9 will be ~ce
by !h Chemical Corrts, tngether with uperc.al personnel required to
safely handle the contaminants and to conduct apicial analysesa. All
equimnt tol be teated will be furniahed by the ;orpe of Engineeru.
Teeit-t will ho c,,rifttcd at Chomccci Corpo iiwtt.llatluri such as F~ort
Detrick, Predorink, '*i.; Chemical Coipc idical lmboratriem, ArM~,
Chemical Center, Md.; and ouch other inataliationn as nay be deslnignAt.

ut m the Engineer Research and Devoloawmni Leturutorles, as diciated
lli e rquirements of' the Individtl te~it.

(4)i Where chemical, biolorgical, and! radiological agen~ts are being A tidied,
all recesary safety precautiors will be used.

(5) Pe.Dort will be oubmitLed covering each najor grouping or contamiriants
u.-med. A final project repnrt wili bre submitted which wifl oipldilze
the field application of the inrornation resulting from thic-, project.
While test0 un tbe ueverai contaminants ray be carried out alismtam-
nuwiy, tlhp general order of work will be to ennzider radioaective,

Sand biological agentr In turn.

D D ,"" 613-1 "a 2 of 3 Fmm
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tC4TUAII SHUT

' I & 'or~ u jt, i ,Uj
&6MiO! LW* CTIH COf TMNJ~ FR W !WATER o

-_________ L Doc IQr7
Black 21. ontinuod.
0. Subthsk,:
S Thchniaun for handling chemical and biolnafnai n___ t *am the. A4.-..-

of wawteu mat bo dfevelopl. Theac problem are nnt uono4lifrd lr..rut-
able and will be .-. o'teJ Ly 9u13

4
fled pelonn-_ of the Che' I;Cal Corp.,

d. Other lnfor."tlon
(1) Hefmrenpoei

Requirement Ictr equipftn't and .mthvft for cnA&Uj 'v'
contained In the Arl Equipment Develojeent Guide, par grph 217.

(2) Discussion:
(a) The pnbtential problema sanociated with chemical, bwolcgcal, and

mdiract'vr contaminants with reeect to field water supplies have
been greatly. increawes In recent years by ourked advances in the
development of contaminants and weapons. Corp of inglIneer Project
8-75-05-LW, "Wtho," prnviddn for a eWic btdy f.7 avelufiltjj of
the piub)mes of removing AW and RW contamlnant f.'om watel. "ig-
11 ifliant data have been developed uner project "Wahoc". ees
dati isve shown that standard field water purification eqnlerint
with the ure of additional supplivn in the coagulation phases of
the water pu-ification prociso lu effective ii, m.etirn mini.mna
standards eastabliahed for radioactive contamniation tulerancem in
drinking water. Procedures with reapect thereto are being prepared
at this time, This project is Intended to supersede Project
9-75-05-CO , '"ho," but will not duplicate work already do.e
under the formi project. It is e'pected that the project will
result not only in establishing the capsDilities and linttations of
equiprent and motodr, but will provide data to guide personnel
training procedures. It Is to be noted that the military import-
ance of amry potentially exellent contealznts is reduced by the
trability c'f the user to protect friendly forcA.. t it 1A posible,
t-refo-e.n, that the work under tai project, thbrrgh deveopetnt
of protective msures with respect to water, my bring into sharp

'focus the offensive capabli'tties of agents which today or" aot
suit able for combat use.

(b) Agencies interested In this project, in addition to the Corps of
Engineerm, with which liaison will be mntained and which will be
furnished copies of the ieports on -the projett, are the Daprtnt
cf the N ry, Department of the Air Force, Chemical Corps, Arty
Medical 36 v-lcv, CC'NAr'.

fc) R -rta u fz work at O L ill be rde available to the
tM-6" cmiduion.

DD 3-1 K" 3W J
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